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Abstract: 
High sodium intake, negatively affects consumer health, thus there is active interest in lowering 
sodium levels in dairy foods. The effect of salt reduction and addition of flavor enhancer on 
pH, dry matter, and free amino acid levels, microbiological, color, texture and sensorial 
characteristics were analyzed in cow milk cheese without lactose at 30 and 60 days of ripening. 
To obtain cheeses reduced in salt, it was necessary to reduce the salting time from 4.30h to 
2.15h in brine at 20% of sodium chloride.                                                                                                                                               
The reduction of salt did not affected the pH, dry matter or free amino acid levels of cheeses. 
The addition of flavor enhancer produced a slight increase in dry matter and amino acid levels 
at 60 days of ripening. The microbiological counts were higher in cheeses reduced in salt at 30 
days, but these differences disappeared with ripening. However, the addition of 0.2% of flavor 
enhancer produced a decrease in microbial growth. Cheeses with 0.2 % flavor enhancer exhibit 
higher lightness and lower yellowness, however the reduction of salt has no significant 
difference regarding the samples color observed by the panelists. Also, no significant difference 
was reported regarding the texture of the cheese samples. The panelists reported the reduction 
of salt causes a less sensation of saltiness in cheeses at 30 days of ripening. The addition of 
flavor enhancer was significantly effect at 60 days of ripening, the cheeses with 0.2% of flavor 
enhancer were reported as the saltiest and most bitter in taste. 
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1. Introduction  
Sodium is an essential nutrient with important functions in the regulation of extracellular fluid 
volume and the transport of molecules through cell membranes. However, excessive sodium 
intake is associated with the prevalence of hypertension, prehypertension (Doyle & Glass, 
2010) and other adverse health effects, which justifies the recommendation of the World Health 
Organization of a daily intake of less than 2 g sodium per day (5 g salt per day; WHO, 2012). 
Therefore, the food industry is continuously looking for alternative ways to reduce salt content 
while maintaining consumer satisfaction. 
Cheese is one of the most ancient forms of food. Consumption of cheese dates back to 7000 
years BC. Nowadays, cheese is consumed in a large quantity worldwide; however, the amount 
consumed varies from country to country. In European countries, the average annual 
consumption is 20 kg per person (Perry, 2004; Walter, Schimid, Steber, & Wertmuller, 2008). 
Cheese supplies essential nutrients for human nutrition, especially proteins, bioactive peptides, 
lipids, vitamins, and minerals (FAO, 2013), essentially calcium, magnesium and phosphorus 
(Kira & Maihara, 2007). However, the high sodium levels in cheese is of major concern for 
public health worldwide, as it has been associated with a high risk of hypertension, 
cardiovascular disease, and other chronic no communicable diseases (Felicio et al., 2013). 
Salt reduction in cheese is considered a major technological challenge due to the importance of 
salt to the characteristics of this product. In addition to providing flavor, salt affects microbial 
growth, enzyme activity, and syneresis, which in turn affects the cheese composition (Guinee 
& Fox, 2004). The effect of salt on the proteolysis in cheese is due to its ability to stimulate or 
inhibit microbial and enzymatic activities (Guinee & Fox, 2004). In general, sensory defects 
including the development of bitterness and reduction of firmness have been associated with 
salt reduction and the related changes in the proteolysis behavior (Mistry & Kasperson, 1998; 
Rulikowska et al., 2013).  
Several strategies for reducing salt levels in cheeses have been found (Mistry & Kasperson, 
1998; Ganesan, Brown, Irish, Brothersen, & McMahon, 2014; Rulikowska et al., 2013). The 
simple reduction of sodium chloride is one of them, and can be achieved by reducing brining 
time (Pavia et al., 2000), using brine with different salt concentration (Madadlou et al., 2007) 
or by adding less salt to the cheese curd (Ganesan et al., 2014). Another common technique is 
the use of salt substitutes to reduce the amount of sodium. Grumer et al. (2012) studied different 
salt substitutes such as potassium chloride (KCl), calcium chloride (CaCl2) and magnesium 
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chloride (MgCl2). The use of CaCl2 and MgCl2 gave rise to taste differences compared with 
sodium control. Only a mixture of NaCl and KCl achieved acceptable results. Since salt 
substitutes may affect the taste due to inherent flavors, such as bitter and metallic, there is also 
a great interest in adding flavor enhancers (Grummer, Bobowski, Karalus, Vickers, & 
Schoenfuss, 2013). Monosodium glutamate, hydrolyzed vegetable protein, yeast extract, 
disodium inosinate, and disodium guanylate have been tried to produce low sodium Cheddar 
cheese with high saltiness intensity without bitter flavor (Grummer et al., 2013). Yeast extract 
is composed primarily of amino acids, peptides and nucleotides, with high protein content, 
being rich in B vitamins, selenium and dietary fiber (Halász & Lásztity, 1991).  
To be able to name a cheese as reduced in fat, it must have a minimum reduction of 25% fat 
compared to its counterpart (Regulation EU 1924/2006). 
Lactose is a disaccharide occurring in the milk of mammals with important nutritional and 
prebiotic properties. The lactose concentration in human milk is relatively high (7.0%) while 
cow’s milk contains about 4.6%. (Schaafsma, 2008). Ripened cheeses are naturally lactose-free 
or contain very low levels of lactose because, during fermentation by starter bacteria, the lactose 
is transformed to lactic acid in the initial stages of cheese ripening (McSweeney, 2004). 
However, in many cases, people with lactose malabsorption are reluctant to eat cheeses because 
the lactose levels of those products are not clearly declared. To remove lactose from milk and 
other dairy products commercial β-galactosidases for instance Kluyveromyces lactis are 
available. With these enzymes lactose concentrations in products can be reduced to<0.01% (van 
Scheppingen et al., 2017). 
The objective of this study was to evaluate a reduced-salt ripened cheese made from lactose-
hydrolyzed cow’s milk during 30 and 60 days of ripening.  
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2. Materials and methods 
2.1. Determination of salting condition 
2.1.1. Cheese manufacture 
Cheese were produced in the Food Technology pilot plant of the university Autònoma de 
Barcelona (Bellaterra, Spain) using 200 L of whole pasteurized milk (72ºC, 15s) from the farm 
Can Bado SAT (Santa Agnès de Malanyanes, Barcelona). The day before cheese making, 0.5 
% of -galactosidase (Larbus S.A., Madrid, Spain) was added to hydrolyse lactose. Milk was 
heated to 32ºC, and additioned with 2% of starter (Lactococos lactis ssp. lactis, Lactococos 
lactis ssp. cremoris, DuPont NHIB Iberica S.L., Barcelona, Spain), 0.01% of calcium chloride 
(35%, Laboratory Arroyo, Santander, Spain) and 0.03% of calf rennet (Laboratory Arroyo). 
After 45 min, the curd was cut with cheese knives in to small pieces about 1 cm and heated to 
37°C for 10 min. After heating, all the whey was drained off and curd was transferred to moulds 
(1, 2 Kg) with cotton cloth. Curd was pressed at 0.5 kg/cm³ for 1 h, 1 kg/cm³ for 1 h, 2 kg/cm³ 
for 3 h and 3 kg/cm³ for 2 h. Cheeses were divided into four lots for salting with the different 
procedures described below. After salting, cheeses were ripened in a room at 14ºC and 85% 
relative humidity for 30 and 60 days. 
2.1.2. Salting condition 
All cheeses were salted in a brine (20 % of sodium chloride) at different time: 4:30 h (as a 
control) and 3:30 h, 2:30 h, 2 h and 1:30 h in order to know the time necessary to achieved a 
minimum of the 25% of salt reduction to comply with the denomination of reduced cheeses 
according to European regulations. 
2.1.3. Determination of salt content 
Salt content of cheeses was determined using a chloride analyzer (Sherwood Model 926, 
Laboratory equipment supplier in Cambridge, England) and results were expressed as g NaCl 
for 100 g of cheese. 
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2.2. Study of cheeses reduced in salt 
2.2.1. Cheese manufacture 
Four different types of cheeses were elaborated as described in 2.1.1.  A group of cheeses were 
salted in brine (20 % NaCl) during 4.30 h, to be used as a control cheese (Cc). The rest of the 
cheese samples, were salted during 2.15 h (Cr), to comply with the legislation of reduced 
cheeses. In order to improve the low salty taste in these cheese samples, some of them were 
added with 0.1% and 0, 2 % of commercial flavor enhancer (C0, 1 and C0, 2, respectively) 
before salting (Table1). The flavor enhancer was composed by yeast extract comercial (Carinsa, 
Barcelona, Spain).   
Table 1. Denomination of cheeses uses in this study          
        
 
2.2.2. Physicochemical analysis 
To determine the cheese pH, 10 g of grated cheese were homogenized with 10 mL of distilled 
water to create a cheese slurry for each cheese sample and analyzed by pH meter (Crison 2001, 
Alella, Spain). Dry matter content was determined by total drying (IDF, 1982). Salt content of 
cheese samples was determined using a chloride analyzer (Sherwood Model 926, Cambridge, 
England) and results were expressed as g NaCl for 100 g of cheese. Free amino acids were 
determined on the water-soluble nitrogen obtained by the method of Kunchroo and Fox (1982) 
by the cadmium-ninhydrin method (Folkerstma and Fox, 1992), and expressed as mg Leu for 
100 g of cheese. 
 
 
Cheeses Flavor enhancer Composition Time 
Cc - 
20% NaCl 4.30 h 
Cr - 
20% NaCl 2.15 h 
C0.1 0.10% 
20% NaCl 2.15 h 
C0.2 0.20% 
20% NaCl 2.15 h 
Brine conditions 
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2.2.3. Microbiological analysis 
Ten grams of cheese were diluted in 90 ml of peptone water (Oxoid, Hampshire, UK) and 
homogenized in a Stomacher (Laboratory Blender, Stomacher® 400 Circulator, UK) for 3 min 
followed with 1 min in a homogenizer (Pulsifier II®, UK). Total aerobic mesophilic bacteria 
were counted on Plate Count Agar (Oxoid) at 30 °C for 48 h. Lactococci was cultured on M17 
added with 10% of lactose solution (Oxoid, Hampshire, UK) and lactobacilli was counted on 
MRS Agar (Oxoid); both incubated at 30 ºC for 48 h. Enterobacteriaceae were counted on 
Violet Red Bile Glucose Agar (VRBGA, Oxoid) for 24 h at 37 °C. Result were expressed as 
logarithm of colony forming units per gram of sample (log cfu g-1). 
2.2.4. Color analysis 
Color measurements were performed in a colorimeter Hunter Lab (Konica Minolta CR-400 
laboratory Inc Japan), using D65 illuminant and 10º observer. Measurements were taken at four 
points of the cheese interior to obtain the color space parameters:  L* (lightness which ranges 
between 0 and 100), a* value measures from the redness to greenness (positive to negative 
values, respectively) and b* value from the yellowness to blueness (positive to negative values, 
respectively). Measurements were made at day 30 and 60 of ripening. 
2.2.5. Texture profile analysis 
Five cheese samples were cut into 1 × 1 cm2 pieces and maintained at 20 ºC during the 
evaluation. A texture profile analysis (TPA) test was applied using a Texture Analyser (TA-
TX2 State Microsytem, Survey, UK) with a 245N load cell, using p/50 mm diameter cylindrical 
probe.  Force (g) and time (s) deformation was applied respectively for the first and second 
compression with and a crosshead speed of 5.00 mm/sec. The measured parameters were 
fracturability, hardness, adhesiveness, springiness, cohesiveness and chewiness. TPA 
measurements were determined after at 30 and 60 days of ripening.  
2.2.6. Sensory evaluation 
Sensory evaluation was performed by ten panelists of the Universitat Autònoma de Barcelona 
who were experienced in the sensory assessment of cheeses. Each kind of cheese were compare 
with the control, using a 7-point negative to positive scale (0: no differences with control; +/- 
1: minimal differences respect to the control; +/- 2: moderate differences respect to the control; 
+/- 3: big differences respect to the control, i.e., negative or positive, indicates lower or greater 
perception. The samples were evaluated for color, aroma, flavor (bitter, salty, acid and after 
taste) texture (hardness, elasticity, adhesiveness) at 30 and 60 days of ripening (Annex 1). A 
preference test also was made in 9-pont scale from 9 (like extremely) to 1 (dislike extremely) 
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(Annex 1). The order of presentation was randomized, and cracker biscuits and mineral water 
at room temperature were served to assessors for palate cleansing between samples. 
2.2.7. Statistical analysis 
Analysis of variance (ANOVA) was performed by Statistica 7 (Hilbe, 2007) using salt as a 
factor at each ripening stage. Mean comparisons were carried out using the Duncan test. 
Evaluations were based on a significance level of P < 0.05.  The processing was repeated two 
times. 
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3. Results and discussion  
3.1. Results of salting condition  
Fig 1 shows the reduction of salt content in cheeses brined at different time, compared to control 
cheese (brined during 4.30 h). As can be observed from the figure, it was necessary a time 
between 2 and 2:30 h to obtain the necessary reduction (≥25 %). 
 
Fig. 1. Percentage of salt reduction of cheeses compared to control cheese. 
3.2. Results of cheeses reduced in salt  
3.2.1. Physicochemical results 
All the cheeses reduced in salt presented a reduction of 30.80 ± 1.50% respect to control cheese, 
complying with the denomination of reduced cheeses according to European regulations 
(results not shown). 
The reduction of salt not affected the pH of cheeses (Table 2). The same result was reported in 
Tybo cheese reduced in salt. (Sihufe et al., 2018).  
The pH was reduced by ripening time due to lactic fermentation (Karimi, Mortazavian, & Cruz,              
2011). At 60 days of ripening cheeses with 0.2 % of flavor enhancer had the low pH maybe due 
to the increased proteolysis or because of increase the content of flavor enhancer. 
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Table 2. Mean ± standard deviation of pH values of cheeses at 30 and 60 days of ripening. 
 
A,B,C Means for the same column by different letters are significantly (P ≤ 0.05) different.        
a,b Means for the same row by different letters are significantly (P ≤ 0.05) different.        
1Cheeses: Cc: control cheese, Cr: Reduced-salt cheese, C0.1: Reduced-salt cheese with 0.1% of 
flavor enhancer, C0.2: Reduced-salt cheese with 0.2% of flavor enhancer. 
 
Dry matter values of all cheeses throughout 30 and 60 days of ripening are presented in Table 
3. Salt reduction had no significant effect on the moisture of cheeses at 30 days of ripening. 
However, at 60 days of ripening reduced-salt cheeses presented high dry matter than control 
cheeses, however in cheddar cheese, the reduction in salt produced an increase in their moisture 
content due to lower sodium leads to reduced curd syneresis. (Guinee and Fox, 2004). On the 
other hand the inclusion of flavor enhancer (0.2%) produced an increase of dry matter, expected 
result are due to the addition of this solid particle. Dry matter value increases with ripening time 
due to evaporation of water. These result are in agreement with Van den Berg & Exterkate 
(1993) in Gouda cheese.            
 Table 3. Mean ± standard deviation of dry matter values of cheeses at 30 and 60 days of ripening. 
A,B,C Means for the same column by different letters are significantly (P ≤ 0.05)   different.                                    
a,b Means for the same row by different letters are significantly (P ≤ 0.05) different.                                               
1Cheeses: Cc: control cheese, Cr: Reduced-salt cheese, C0.1: Reduced-salt cheese with 0.1% of 
flavor enhancer, C0.2: Reduced-salt cheese with 0.2% of flavor enhancer. 
 
 
1
Cheeses 30 60
Cc 4.87 ± 0.04  Ab 4.75 ± 0.03  Aa
Cr 4.81 ± 0.02  Ab 4.74 ± 0.04  Aa
Co.1 4.71 ± 0.27  Aa 4.77 ± 0.02  Aa
C0.2 4.84 ± 0.01  Ab 4.68 ± 0.03 Ba
Ripening time (day)
pH
1
Cheeses
Cc 53.84 ±0.67 Aa 58.27 ± 0.83 Ab
Cr 53.85 ±0.67 Aa 58.91 ± 0.28 ABb
Co.1 54.33 ±1.01 Aa 59.48 ± 0.52 BCb
C0.2 53.65 ±0.25 Aa 60.05 ± 0.85 Cb
Ripening time (day)
Dry matter
30 60
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Table 4 shows the amino acid content of cheeses during 30 and 60 days of ripening. The 
reduction of salt not affected the values of amino acids in cheeses. On the contrary, Silva et al. 
(2017) reported an increase in proteolysis of reduced-sodium Prato cheese when compared to 
the regular cheese, and was related to more favorable environment due to the increased moisture 
content found in reduced cheeses. The addition of flavor enhancer increased the amino acid 
levels at 60 days of ripening due to flavor enhancer made by Peptides. A significant increase in 
amino acid content was observed with ripening time due to the action of proteases and amino 
peptidases in cheese.  
Table 4. Mean ± standard deviation of amino acid values (mg Leu 100 g-1 cheese) of cheeses at 
30 and 60 days of ripening.  
 
A,B,C Means for the same column by different letters are significantly (P ≤ 0.05)   different.                                    
a,b Means for the same row by different letters are significantly (P ≤ 0.05) different.                                               
1Cheeses: Cc: control cheese, Cr: Reduced-salt cheese, C0.1: Reduced-salt cheese with 0.1% of 
flavor enhancer, C0.2: Reduced-salt cheese with 0.2% of flavor enhancer. 
 
 
 
 
 
 
 
1
Cheeses 30 60
Cc 2.06 ± 1.00 Aa 3.46 ± 0.21 Ab
Cr 2.27 ± 1.60 Aa 3.31 ± 0.46 Ab
Co.1 2.60 ± 1.56 Aa 4.20 ± 0.34 Bb
C0.2 1.65 ± 1.20 Aa 4.19 ± 0.28 Bb
Ripening time (day)
Amino acid 
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3.2.2. Microbiological results 
The reduction of salt slightly increased the microbial counts in cheese (Table 5). Parente & 
Cogan (2004) and Sheibani (2016) in Cheddar-type Cheeses also reported an increase in the 
growth of bacteria by the reduction in salt concentration. On the contrary, Hystead et al. (2013) 
not reported differences in aerobic bacteria based on salt treatment in cheddar cheese. The 
addition of flavor enhancer significantly decrease the microorganisms in cheeses, becoming 
C0.2 the cheeses with the low microorganisms counts at 60 days of ripening. A possible 
explanation will be the reduction of moisture content in these cheeses (Table 3). Hayaloglu 
(2016) reported that the growth rate will be more rapid in high moisture content cheeses than 
those with low moisture. These results are not consistent with Sivla et al. (2017) who reported 
that sodium reduction and addition of flavor enhancers did not constitute inhibitory factors for 
the survival of microorganisms after 30 days in Prato cheese. No Enterobacteriaceae was 
observed in the cheese samples. 
 
Table 5. Mean ± standard deviation of microbial counts (log cfu g-1) of cheeses at 30 and 60 
days of ripening. 
 
A,B,C Means for the same column by different letters are significantly (P ≤ 0.0 5) different.                                             
a,b Means for the same row by different letters are significantly (P ≤ 0.05) different. 1Cheeses: 
Cc: control cheese, Cr: Reduced-salt cheese, C0.1: Reduced-salt cheese with 0.1% of flavor 
enhancer, C0.2: Reduced-salt cheese with 0.2% of flavor enhancer. 
1
Cheeses 30 60
Cc 8.60 ± 0.11 BCb 6.95 ± 0.07 Aba
Cr 9.01 ± 0.51 Cb 7.09 ± 0.12 Ba
Co.1 8.26 ± 0.39 ABb 6.81 ± 0.05 Aa
C0.2 7.74 ± 0.06 Ab 6.00 ± 0.00 Ca
Cc 8.55 ± 0.03 ABb 7.76 ± 0.59 Aa
Cr 9.04 ± 0.39 Bb 7.82 ± 0.01 Aa
Co.1 8.37 ± 0.47 Ab 6.99 ± 0.12 ABa
C0.2 8.04 ± 0.06Ab 6.75 ± 0.21 Ba 
Cc 8.63 ± 0.23 Bb 7.26 ± 0.21 Aa
Cr 9.11 ± 0.37 Cb 7.23 ± 0.07 Aa
Co.1 8.16 ± 0.12 Ab 7.07 ± 0.10 Aa
C0.2 8.00 ± 0.00 Ab 6.59 ± 0.16 Ba
Latobacillus
Ripening time (day)
Areobic Mesophlic Total
Lactococcus
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3.2.3. Color result 
Table 6 shows color parameters for cheese samples at 30 and 60 days of ripening. At 30 days 
of ripening the reduction of salt did not effected L*, b*, a* values of cheeses. Cheeses  with 0.2 
% flavor enhancer exhibit higher lightness and lower b*, indicating cheeses with less 
yellowness. The color of flavor enhancer could modified the color of cheeses. At 60 days of 
ripening differences were disappearing, with only statistical differences in L* value. These 
differences were not detected by the panelists (Table 8). 
During ripening the L* value decreased and a* and b* increased. Similar results have been 
described for Emmental cheese by Rohm and Jaros (1996a) and goats’ milk and Valdeón cheese 
(Buffa et al., 2001; Diezhandino et al., 2016). Lightness values decreased at 60 days of ripening 
due to dehydration and proteolysis.  
Table 6. Mean ± standard deviation for color parameters of cheeses at 30 and 60 days of ripening.  
 A,B,C Means for the same column by different letters are significantly (P ≤ 0.0 5) different.  
 a,b Means for the same row by different letters are significantly (P ≤ 0.05) different. 
1Cheeses: Cc: control cheese, Cr: Reduced-salt cheese, C0.1: Reduced-salt cheese with 0.1% of 
flavor enhancer, C0.2: Reduced-salt cheese with 0.2% of flavor enhancer 
 
 
 
 
1
Cheeses 30 60
Cc 91.47 ± 0.62 Ab 89.85 ± 1.27 Aa
Cr 91.72  ± 0.58 ABb 89.98 ± 0.31 ABa
Co.1 91.20  ± 0.73 Ab 89.58 ± 1.06 Aa
C0.2 92.26  ± 0.35 Bb 90.86 ± 0.43 Ba
Cc 15.57 ± 0.44 Aa 16.93 ± 0.41 ABb
Cr 15.39 ± 0.41 Aa 17.12 ± 0.63 Bb
Co.1 15.68 ± 0.85 Aa 16.50 ± 0.64 ABb 
C0.2 14.36 ± 0.39 Aa 16.27 ± 1.02 Ab
Cc -2.10 ± 0.28 Aa -1.74 ± 0.19 Ab
Cr -2.00 ± 0.10 Aa -1.70 ± 0.14 Ab
Co.1 -2.16 ± 0.32 Aa -1.23 ± 1.06 Ab
C0.2 -2.15 ± 0.02 Aa -1.68 ± 0.34 Ab
Ripening time (day)
a*
b*
L*
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3.2.4. Texture result 
Texture is an important parameter affecting the quality of cheese. This parameter is highly 
dependent on different factors such as the degree of proteolysis and breakdown of the protein 
network, water content, and pH (McSweeney & Sousa 2000). The composition of cheese affects 
the texture profile and microstructure of cheese through the Salt-in-moisture (S/M), fat and 
solid content (Dimitreli & Thomareis 2007). Storage temperature is another important factor 
affecting cheese quality (Zheng et al.2016). Table 7 presents the texture profile results at 30 
and 60 days of ripening. The reduction of salt did not seem to affect greatly the texture 
parameters of cheeses reduced in salt compared to the control. At 30 days of ripening only were 
observed slightly higher values of hardness, fracturability, gumminess and chewiness of 
conventional cheeses compared to the others. Rulikowska et al (2013) reported hardness 
decreased with the decreasing NaCl content and ripening time. At 60 days of ripening, values 
of hardness increased in all cheeses as consequence of water loss in the cheeses. Those reduced 
in salt were more fracturable. There weren’t any different on cohesiveness and springiness. At 
60 days of ripening the control cheese and reduced-salt cheese were more adhesive. The 
gumminess increased by ripening time. Gumminess is directly affected by hardness because it 
results from hardness × cohesiveness (Fox et al. 2000a; Gunasekaran & Ak 2003). The 
adhesiveness increased by ripening time, according to (Diezhandion et al.2016) for Spanish 
blue cheese the chewiness, fracturability and hardness increased by ripening time, as was also 
observed by (Floury et al., 2009) which is the consequence of a decrease of the salt 
concentration is an of the hardness in hard-type cheese. 
  
 
 
 
 
 
 
 
 
Page | 14  
 
Table 7. Mean ± standard deviation for texture parameters of cheeses at 30 and 60 days of ripening.  
 
 1 Cheeses: Cc: control cheese, Cr: Reduced-salt cheese, C0.1: Reduced-salt cheese with 0.1% 
of flavor enhancer, C0.2: Reduced-salt cheese with 0.2% of flavor enhancer 
1
Cheese 30 60
Cc 699 ±57 1232 ±253
Cr 606 ±65 1173 ±127
C0.1 561 ±70 1100 ±151
C0.2 559 ±48 1350 ±178
Cc 613 ±58 522 ±354
Cr 553 ±65 605 ±425
C0.1 553 ±68 656 ±440
C0.2 519 ±47 865 ±297
Cc 0 ±0 -48 ±20
Cr -6 ±9 -23 ±42
C0.1 -11 ±14 -11 ±8
C0.2 -3 ±4 -18 ±10
Cc 0.46 ±0.04 0.44 ±0.11
Cr 0.47 ±0.07 0.4 ±0.03
C0.1 0.46 ±0.06 0.52 ±0.09
C0.2 0.42 ±0.07 0.41 ±0.02
Cc 0.61 ±0.06 0.47 ±0.12
Cr 0.61 ±0.08 0.51 ±0.13
C0.1 0.68 ±0.16 0.62 ±0.34
C0.2 0.56 ±0.10 0.44 ±0.1
Cc 428 ±54 556 ±66
Cr 369 ±39 592 ±136
C0.1 375 ±69 654 ±281
C0.2 317 ±72 586 ±63
Cc 197 ±35 244 ±67
Cr 174 ±36 240 ±72
C0.1 171 ±20 360 ±225
C0.2 135 ±39 238 ±18
Chewiness (-)
Fracturability (g)  
Hardness (gf)
Ripening days
Adhesivness (g.sec)
Springness (-)
Cohesiveness (-)
Gumminess (-)
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3.2.5. Sensorial results  
Table 8 presents sensorial results of cheeses at 30 and 60 days of ripening. The reduction of salt 
had no significant difference in color or texture of cheeses. Only cheeses with flavor enhancer 
were evaluated as more friable at 60 days of ripening, according to instrumental results 
(Table7).  Considering the smell parameter, only the sample with 0.2% of flavor enhancer 
presented a slight increase, which could be due to the fact that the flavor enhancer has aroma 
itself, since the difference with control cheese is smaller than 1, which represented a minimal 
difference. The reduction of salt no significant effect in bitter, however the result for cheddar 
cheese was reported previously by (Ganesan et al., 2014), where bitter perception increased 
when salt was lowered. On the other hand, at 60 days of ripening the cheeses with 0.2 % of 
flavor enhancer was reported to be bitter in taste due to production of peptides.                                                                                        
The reduction of salt causes a less sensation of saltiness in cheeses, becoming Cr the least 
valued, followed by C0.1 and C0.2. However, at 60 days of ripening the cheeses with 0.2 % of 
flavor enhancer was reported as the saltiest. Also the cheeses with 0.2% of flavor enhancer 
reported as the saltiest and the most bitter.                                                                                                
Fig 2 and 3 illustrates the preferences of the panelists at 30 and 60 days of ripening, respectively.  
In both cases, control cheeses were the preferred by the panelists. At 30 days of ripening, cheese 
reduced in salt without flavor enhancer were preferred than cheeses with this compound. 
However, at 60 days of ripening, C0.1 were preferred than Cr, showing than the addition of 0.1% 
of this flavor enhancer could improve the sensorial characteristics of cheeses reduced in salt. In 
contrast, the addition of 0.2% of flavor enhancer reduced the acceptability of cheeses, possibly 
due by the increase in salty and bitter taste.  
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Table 8. Mean ± standard deviation for sensorial results of cheeses at 30 and 60 days of 
ripening. 
 
A,B,C Means for the same column by different letters are significantly (P ≤ 0.0 5) different.  
 a,b Means for the same row by different letters are significantly (P ≤ 0.05) different. 
1Cheeses: Cc: control cheese, Cr: Reduced-salt cheese, C0.1: Reduced-salt cheese with 0.1% of 
flavor enhancer, C0.2: Reduced-salt cheese with 0.2% of flavor enhancer 
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Fig 2. Preference of cheeses compared to control cheeses at 30 days of ripening.  
                                   
Fig 3. Preference of cheeses compared to control cheeses at 60 days of ripening. 
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Conclusion: 
A salt reduction of 30.80% comparison to the control cheese was analyzed. The salt reduction 
and addition flavor enhancer didn’t affect the pH, dry matter and amino acid at 30 days of 
ripening. But during ripening time at 60 days the cheeses with 0.2 % of flavor enhancer had 
low pH and had more dry matter. The salt reduction had no effect on proteolysis, although 
during ripening time at 60 days the addition of flavor enhancer increased the amino acid.                                                                                                
The reduction of salt slightly increased microbial count. Microbial count in cheeses with a lower 
salt content (Cr) were higher than in the control. During ripening time at 60 days decreased 
microbial count, and also the addition of flavor enhancer significantly decreased the microbial 
count. The addition of flavor enhancer exhibit higher lightness. The reduction of salt did not 
affect the hardness, during ripening time at 60 days the cheeses with flavor enhancer 0.2% was 
harder and more fracturabule. The hardness and gumminess increased in all cheeses during 
ripening at 60 days. The sensory results showed that reduced salt cheeses with flavor enhancer 
0.2% was reported as the saltiest and the most bitter. 
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Annex 1 
Sensory Evaluation Panelist Questionnaire 
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